Background and Objective: Head trauma in infants is a common health problem that has not been the focus of many research articles. The aim of study was to describe the epidemiology, etiology, management and clinical outcome of head trauma in infants (<2 years) in a high flow tertiary hospital. Patients and Methods: This study was conducted on 95 consecutive infants with head trauma admitted to the neurotrauma unit in Cairo University hospitals during the period between September 2013 and December 2014. The data of these patients including age, sex, mode of trauma, neurological status on admission, CT findings, operative details in surgical cases, clinical outcome, and length of hospital stay were analyzed. Results: The study included 57 boys and 38 girls, with mean age of 13.2 months (range: 3 days -23 months). The most common mode of trauma was falls (82.1%). Most of the patients had mild head injury (84.2%). Twenty two patients were operated upon, including 9 patients for evacuation of hematomas, 11 patients for elevation of depressed fractures, 1 patient for decompressive craniotomy and 1 patient for growing skull fracture. Good recovery followed in 83 patients. There were 4 deaths. Mean length of stay was 4 days (range: 1 -31 days). Conclusion: Most of head injuries in infants are mild. The commonest etiology is falls, which is a preventable cause in many circumstances. The majority of these patients do not require surgical intervention. Good recovery is the rule in most of these infants with low mortality rates.
Introduction
Traumatic brain injury is a major cause of morbidity and mortality in infants and children [1] [2] . Although the primary traumatic brain injury is not amenable to treatment, except through prevention, management is directed at preventing or reducing the effects of secondary physiologic events and the secondary injuries that follow [2] [3] . Most of the cases are due to accidental injuries with only a little group suffering from nonaccidental injuries [4] . Traumatic brain injury in infants differs from adults in many aspects including the response to injury, brain plasticity and clinical outcome [5] . The mechanism of injury, its degree of severity, the occurrence of multiple trauma, and the extent of the secondary insults can all affect the outcome [3] . There are some surgical considerations regarding operating on infants with closed skull due to minimal space that can accommodate only mild increase in intracranial pressure. On the other hand, younger infants with open fontanels and patent sutures could better accommodate the rise in the intracranial pressure. Thin and delicate skin can be a problem in wound closure especially if closure is under tension [6] .
Despite its importance, only few articles have addressed accidental head injury in infants as a separate entity. They found that most of these injuries were mild resulting from falls and carried a good prognosis in the majority of patients [7] [8] . The aim of this study was to describe the epidemiology, etiology, management and clinical outcome of head trauma in infants (<2 years) in a high flow tertiary hospital in Egypt.
Patients and Methods
This prospective study was conducted on infants (<2 years) with head trauma admitted to the neurotrauma unit in Cairo University hospitals during the period between September 2013 and December 2014. Infants with birth-related head trauma were excluded from the study. Infants who presented to the emergency room but were not admitted to the hospital were not included. There were no exclusion criteria regarding the clinical condition or associated injuries.
All infants were subjected to the first aid measures and detailed trauma survey was performed unless head trauma was isolated. Assessment of the neurological condition focused on conscious level assessment based on pediatric Glasgow coma scale (PGCS) [9] [10], and examination for signs of lateralization especially motor deficits and pupil irregularities. Examination for subgaleal hematomas or scalp wounds with exploration for any underlying fractures, and examination for bleeding or cerebrospinal fluid (CSF) leak from orifices were performed. Determining the severity of traumatic brain injury was based on the PGCS.
Computed tomography (CT) of the brain with bone window was the radiological modality performed for all admitted patients even those with mild trauma and no conscious level affection. Skull X-ray was performed for few patients with mild trauma and no clinical indication for CT and these patients were admitted to the hospital only if X-ray showed a fissure, where CT brain was subsequently performed before admission. All patients were admitted to the neurotrauma unit whether into the ward or the intensive care unit based on the clinical condition. Management plans were mainly based upon the traumatic brain injury management guidelines published in 2006 [11] . CT brain was repeated according to the initial CT findings and clinical condition. All patients who were operated upon had a follow up CT within 24 hours from surgery. Outcome was assessed at discharge according to the pediatric Glasgow outcome score (GOS-E Peds) [12] .
The data of these patients including age, sex, mode of trauma, neurological status on admission and associated injuries, CT findings, operative details in surgical cases, clinical outcome, and length of hospital stay were documented and analyzed.
Results
The study included 95 infants with mean age of 13.2 months (range: 3 days -23 months). Table 1 shows the demographics and the severity of head injury in our patients. The most common mode of trauma was falls in 78 patients (82.1%), including fall from height in 61 patients, fall over stairs in 14 patients and fall to the ground in 3 patients. Other modes of trauma included trauma with blunt or sharp objects in 13 patients (13.7%), road traffic accidents in 2 patients (2.1%), and pellet injury in 2 patients (2.1%).
Clinical examination revealed that 13 patients (13.7%) had scalp wounds including 9 patients with underlying depressed fractures. Thirty one patients (32.6%) had subgaleal hematomas which resolved within 2 weeks in all patients. Seven of these patients required blood transfusion due to drop of hemoglobin levels below 8 g/dL. Seven patients had CSF leak per orifices; 5 with leak from the nose and 2 with leak from the ear. Six patients (6.3%) had associated injuries including lung contusions in 2 patients, intra-abdominal fluid collection in 2 patients including a patient with liver tears, vitreous hemorrhage in one patient, and fracture femur in one patient. Initial CT brain revealed a variety of lesions including extradural hematoma (EDH), subdural hematoma (SDH), subarachnoid hemorrhage (SAH), intraventricular hemorrhage (IVH), brain contusions, intracerebral hematoma (ICH), fissure fractures, depressed fractures, and pellets. Fourteen patients (14.7%) had multiple pathologies on CT and 6 patients (6.3%) had normal CT brain. Figure 1 shows the initial CT findings of our patients.
Based on the clinical assessment and the CT findings, surgical intervention was performed for 22 patients (23.2%). Nine patients were operated upon for evacuation of an intracranial hematoma being extradural in 8 patients and subdural in one patient. Another 11 patients were operated upon for elevation of depressed fractures; 9 patients with compound fractures and 2 patients with simple fractures. Patients with simple depressed fractures were operated upon due to cosmetic deformity in one patient and due to the presence of neurological deficit in the other patient. Decompressive craniotomy was performed for one patient with subdural hematoma and hemispherical edema with midline shift and another patient was operated upon for growing skull fracture. Patients operated upon for non-neurosurgical injuries and patients operated upon for only closure of scalp wounds were not included in the surgical group.
The length of hospital stay ranged between one day and 31 days, with mean length of hospital stay being 4 days. One patient was transferred to another hospital few hours after admission, and was excluded from length of hospital stay and clinical outcome assessment. Figure 2 shows the length of hospital stay in our patients. Based on GOS-E Peds, there were 83 patients (88.3%) with good recovery (GOS-E Peds 1, 2), 7 patients (7.4%) with moderate disability (GOS-E Peds3, 4), and 4 patients (4.3%) died (GOS-E Peds 8). One mortality occurred in a patient with severe head injury and associated lung contusion who was operated upon by urgent evacuation of a large parietal extradural hematoma and died 4 days later from the associated lung contusion. Another patient with liver injury and intraperitoneal hemorrhage died few hours following laparotomy. The other 2 patients had severe head injury with no surgical lesion on the CT and were admitted to the intensive care where they both died 3 and 4 days after admission. 
Discussion
Head injuries are very common in infants and children, but are mostly minor and require no medical care. However, a mild head injury that may appear insignificant can sometimes lead to intracranial complication and deterioration. Although long-term motor and cognitive dysfunction occur more commonly in the severely injured children, deficits can occur even to those children with mild and moderate head injury. In general, degree of recovery from head injuries is better in infants and children than in adults [5] [13] .
Our series showed male predominance with male to female ratio of 1.5:1 (60% males and 40% females). Adamo et al. also had male predominance where 56% of his accidental cases were boys [14] . On their report of 29 infants with head trauma, Vaghani et al. had 17 boys (59%) and 12 girls (41%) [7] .
Falls represented the most common mode of trauma in our patients (82.1%), followed by trauma to the head with blunt or sharp objects (13.7%). Both road traffic accidents and pellets injury accounted for less than 5% of cases. According to the literature, falls are the most common causes of head injury in toddlers and children below 4 years of age, accounting for about 75% of accidental injuries [15] [16] . Vaghani et al. reported the mode of trauma being fall from height in 93% and road traffic accidents in 7% [7] .
Another important cause of head injury in infants is nonaccidental head trauma due to child abuse which is known as "shaken baby syndrome". Many articles addressed nonaccidental head trauma reporting its incidence to range between 1.3% and 25% of all cases of infantile head trauma admitted to the hospital [8] [14] [17] . This wide range may be explained by the frequent under-diagnosis of this mode of trauma which should be suspected when there are findings suggestive of traumatic brain injury with no history of trauma or inappropriate history to the degree of injury observed. Findings include the presence of subdural hematoma on CT or magnetic resonance imaging (MRI), particularly in the interhemispheric fissure or over the tentorium in addition to retinal hemorrhage on ophthalmological examination [17] [18] . Although nonaccidental head trauma was not considered as an exclusion criterion, our study did not include any patient with proved nonaccidental head trauma.
The majority of our patients (84.2%) had mild head injury, with only 5 patients (5.3%) with severe head injury. In their series including infants and toddlers below 3 years of age with accidental and non-accidental head trauma, Adamo et al. reported that 86.5% of their patients with accidental head trauma had mild head injury, with 5.4% of their accidental patients with severe head injury [14] . In their series of 233 infants with isolated head trauma, Brown et al. mentioned that 97% of these patients had minor head injury [8] . Vaghani et al. had mild head injury in 62% of their patients, moderate injury in 14%, and severe injury in 24% [7] .
Fifty six patients (59%) had skull fractures on their CT brain, being fissure fracture in 39 patients and depressed fractures in 19 patients, including 2 patients having both fissure fracture and depressed fracture. One patient with fissure fracture on the initial CT developed growing skull fracture later, and was operated upon. Skull fractures are common in infants as the bone is relatively thin and can break easily after an impact. These fractures can be associated with growing skull fracture which is a late complication of injury, usually occurring in children below 2 years of age [13] . Adamo et al. reported skull fractures in 57% of their patients with accidental head trauma [14] .
Subgaleal hematomas are common in children and they may be huge with significant blood loss in the subgaleal space that may require blood transfusion in infants below 1 year of age [19] . We had 31 patients with sub-galeal hematomas which were huge in 7 patients resulting in anemia requiring blood transfusion. Thirty two patients (33.7%) had intracranial hematomas being extradural in 13.7%, subdural in 11.6%, subarachnoid in 5.3%, intracerebral in 2.1% and intraventricular in1%. Intracranial hematomas are a relatively uncommon sequel of head injury in children, with extradural hematomas being the most common in some series [20] [21] . Adamo et al. reported intracranial hematomas in 35.1% of their patients with accidental trauma, being extradural in 6.2%, subdural in 14.5%, subarachnoid in 7.7%, and intraparenchymal in 6.7%. They had 7.8% of their patients with CT showing no abnormalities compared to 6.3% in our series [14] . Vaghani et al. had subdural hematoma in 27% of their patients being the most common injury [7] .
Although several authors highlighted the use of cranial ultrasound (US) in diagnosis of skull fractures and traumatic intracranial hemorrhage in infants and children to avoid the hazards of CT including radiation and possible need for sedation [22] [23], our policy was to perform CT brain for all admitted patients with head trauma even if the trauma was mild and the patient was conscious. We did not use cranial US due to its unavailability on urgent basis at all times. Fundaro and colleagues concluded that performing CT even in children with mild injuries especially if there was loss of consciousness or scalp swelling is justified by the abnormal findings detected in a proportion of these patients [24] .
Based on the pediatric extended GOS (GOS-E Peds), 88.3% of patients had good recovery (GOS-E Peds 1, 2), 7.4% had moderate disability (GOS-E Peds 3, 4), and 4 patients died (4.3%). Vaghani et al. had 69% of their patients with good recovery (GOS 5), 10.3% with moderate disability (GOS 4), 10.3% with severe disability (GOS 3), and 10.3% died (GOS1) [7] . Adamo et al. assessed clinical outcome based on KOSCHI scale (King's Outcome Scale for Childhood Head Injury) for outcome assessment [25] . They had good recovery in 80.4% of patients with accidental trauma, moderate disability in 15.8%, and mortality in 0.6% of patients [14] .
The limitations of the study include the relatively small number of patients, the possible underestimation of non-accidental head trauma, and the lack of long term follow up of these patients. Further studies are recommended with larger sample size and longer follow up period, with special emphasis on nonaccidental head trauma.
Conclusion
Most of head injuries in infants are mild. The commonest etiology is falls, which is a preventable cause in many circumstances. The majority of these patients do not require surgical intervention. Good recovery is the rule in most of these infants with low mortality rates.
